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MORPHOLOGYOF THESPORESOF MYXOSOMACEREBRALIS
(HOFFMAN,
(HOFER,1903) AND M. CARTILAGINIS
AND
PUTZ,
DUNBAR, 1965)*
Jiri Lon

Departmentof BiologicalSciences, Universityof Illinoisat Chicago Circle,
Chicago, Illinoist
and
Glenn L. Hoffman

Bureauof SportFisheriesand Wildlife, EasternFish Disease Laboratory,
Kearneysville,West Virginia 25430
The spore of Myxosomacerebralis is redescribed and compared with that of a close relative,
M. cartilaginis. M. cerebralis is smaller, with greater variabilityin size and shape. It possesses a mucous
envelope whereas M. cartilaginis does not. The surface architectureof M. cerebralis, as seen with the
scanning electron microscope, differs in possessing a conspicuous circumsuturalgroove, prominent polar
filament pores, and a mucous envelope.
ABSTRACT:

Since a unanimous decision on the correct
generic status of M. cerebralis has not been
reached, we continue in this paper to call this
species Myxosoma cerebralis, in spite of the
views of Walliker (1968) and Lom (1969),
who do not consider the absence of the iodinophilous vacuole as adequate reason to warrant generic separation of Myxobolus and
Myxosoma and consider the latter a junior
synonym of the former. Myxosomacerebralis,
one of the most notorious myxosporideanspecies, is the causative agent of whirling disease
of salmonidfish. This parasite,discoveredfirst
in Germany, has been subsequently found in
other European countries, the United States,
far eastern USSR territories, and even South
Africa (Hoffman, 1970). According to Shulman (1966) and Hoffman, Dunbar, and Bradford (1969) it has thus far been found in the
following species: Oncorhynchus gorbuscha,
0. keta, 0. kisutch, 0. masu, 0. tshawytscha,
Salmo gairdneri, S. salar, S. trutta, Salvelinus
fontinalis,S. leucomaenis,S. malma, S. namaycush, and Thymallusthymallus. Quite recently,
whirling disease has been reported to have
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spread through additional areas of the United
States (Hnath, 1970; Yasutake,1970).
While Shulman (1966) supposes that M.
cerebralis has long had an holarctic distribution, occurringin naturallyinfected water reservoirs or streams from which it is able to
spread and infect cultured salmonids, it is
generally assumed that the recent appearance
of M. cerebralisinfections in North America is
due to the importationof infected fishes from
Europe. The final solution of this problem
would require, among other things, a complex
comparative analysis of M. cerebralis from
European,Asian, and Americansources,including a detailed morphologicalevaluation. Such
a morphologicalanalysis would rely largely on
the morphologyof the spores and similarcomparisons should also be made for other myxosporideanspecies. Curiouslyenough, no accurate description of spores of M. cerebralis is
offered in the literature.
Kudo (1920), in his now classical monograph, used spore drawings made by Plehn
(1904). These rather simple drawings show a
certain degree of spore variability, and depict
the spores as having a protrudingand narrow
sutural valve. The more recent and authoritative monographof Shulman (1966) again uses
the drawings of Plehn, in addition to more recent but schematic drawings of the spores. In
other publications on M. cerebralis,the spores
are also representedvery schematically. Everyone seems somehow to take the definition of
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paper (Lom, 1969). To reveal the presence of
mucous envelopes we used the simple India ink
technique (Lom and Vavra, 1963).
For scanning electron microscopy, the spores of
M. cerebralis were prepared essentially according
to the technique of Marszalek and Small (1969).
The fresh spores were further separated from the
tissue debris by means of pipettes and micropipettes, and a drop of the suspension with concentrated spores was placed on a microscope slide.
tinca, Gobio gobio, Esox lucius, and Perca The spores settled and adhered slightly to the
fluviatilis; Volf (pers. comm., 1965) found an glass surface, allowing for further washing by adding and withdrawing distilled water by micropiallegedly different strain (or species?) of M. pettes. After several such washing procedures,
cerebralis in Thymallus thymallus. An exact spores were covered by Parducz fixative (1 part of
knowledge of the spore would therefore be saturated HgCl2 to 6 parts of 2% osmic acid) for
very useful for purposes of definitive determi- about 6 min, after which the spores were thoroughly
washed on the slide with distilled water.
nation.
Drops of spore suspension of about the size of a
A well-founded differentiation of M. cere- pinhead were placed on the supporting specimen
bralis from other cartilage- and bone-invading
stubs, several drops to each specimen stub. Some
species of Myxosoma such as M. hoffmani, M. of the stubs were coated thinly with a toluene
extract of the glue from the transparent doubledentium, and M. cartilaginis would also be use- coated
tape (3M Corporation) for better adheful. In the case of the last species, the authors sion and to minimize the static charge of the
themselves point out its close resemblance to specimen. The spores were then allowed to settle
M. cerebralis, claiming that the spore differs in the drops and were quickly frozen by plunging
the stubs into liquid nitrogen. The subsequent
mainly in being larger.
sublimation was performed overnight in a tissue
The purpose of this communication is to give lyophilizer. After a thorough gold coating the
an accurate redescription of the spore of M. stubs were examined with a Cambridge Stereoscan
cerebralis and to point out how the spore could Mark III electron microscope operated at 10 and
20 kv accelerated voltage. Our attempts at preparbe used for differential diagnosis, using as an
ing sections for electron microscopy were unsucM.
the
cartilaginis. cessful.
cartilage-invading
example
RESULTS
MATERIALSAND METHODS
cerebralis
Myxosoma
(a)
(Hofer, 1930). In
Only fresh (not preserved) spores were used for
our observations, since fixation causes changes in frontal view (perpendicular to the sutural
size and structureof the spores (Kudo, 1921). The plane) the spores are mostly broadly oval,
spores of M. cerebralis were obtained from trout sometimes more elongated, rarely completely
fingerlings (Salmo gairdneri) artificially infected circular, and
exceptionally broader than long
at the Eastern Fish Disease Laboratory. The fish
and infections were about 5 months of age. Spores (Fig. 1). Although it does not show in the
of M. cartilaginiswere retrieved from moderate in- photomicrographs, the spores are often asymfections in bluegills (Lepomis macrochirus) from metrical. In side view they are broadly lenticrearing ponds at the Eastern Fish Disease Labora- ular, both shell valves
being considerably
tory. No special methods were necessary because
sometimes
one
than the other.
more
vaulted,
almost
comof
were
obtained
masses
spores
large
The dimensions of 40 spores taken from 5-, 8-,
pletely free of other particles.
It is difficult to separate the spores of M. cere- and 11-month infections were: length 8.7
bralis from fish tissue. Halved fish heads were
(7.4 to 9.7) /J, width 8.2 (7 to 10) ,u, thickdigested in aqueous pepsin-HCl solution (pepsin
ness
6.3 (6.2 to 7.4) ,u. The spore wall could
0.5%, HC1 0.5%) at 39 C for 2 hr. The softened
tissue was removed under the dissecting microscope not be measured accurately but appeared to be
with forceps and the remaining skeletal parts about 0.25 p thick. When viewed from the
macerated with a mortar and pestle. The macerthree very faint striations
ated material was screened through 224-, 154-, polar capsule end,
were
seen
on some specimens in
and 70-(Amesh screens to remove tissue and the (grooves?)
allowed
to
settle
out
6
were
at
C.
These
light
bright
microscopy.
spores
The oviform polar capsules measured 5.1
spores were not visibly different from those not so
treated.
to 6) by 3.2 (3 to 3.5) ,u. Rarely, one polar
(5
In addition to the direct observation of the
above spores, photomicrographs were made by capsule is slightly larger than the other. As a
employing the technique described in an earlier rule, there is no true intercapsular appendix; in
M. cerebralis for granted, and yet it may be
very desirable, for practical reasons, to know
the degree of differences, biological as well as
morphological, among the populations of M.
cerebralis from individual species of salmonid
fishes and its difference from populations in
other possible hosts. Ramirez Medina (1962),
e.g., reported M. cerebralis also from Tinca
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FIGURE 1. Variation in shape of fresh Myxosoma cerebralis spores from rainbow trout fingerlings.
The most typical spores are in the right column-spores are oval, almost circular in outline with equal
polar capsules. The left column shows rather aberrantspores, either by shape or by unequal size of polar
capsules. X 3,000; the line indicates 10 j,.

most cases the border of the shell valves at the
anterior end is only slightly thickened on the
inner face, forming a ledge separating the discharging canals of the polar capsules. The
hypothetical extensions of the longitudinal axis

of the capsules always cross anteriorlybut the
converging pointed anterior ends of the capsules sometimes just overlap in the front view,
sometimes lying more or less apart. The filament usually makes five or six coils, rather
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loose and irregular, inside the capsule; it is
not very distinct in this species.
In front view, the posterior border of the
spore does not exhibit any distinct markings,
but the inner outline of the posteriorborder is
generally uneven. India ink reveals a typical
mucous envelope around the posterior end of
the spore (Figs. 2-4). One of us (J.L.) observed this mucous envelope on M. cerebralis
sometime ago in France on spores not treated
with pepsin digest solution; it is evidently a
constant character of fresh spores. After a
period of storagelin the refrigerator,the mucous
coat diminishesa little, but persistsfor months.
The sporoplasmwith two nuclei fills the rest
of the spore space.
Observed in the scanning electron microscope, the spores of M. cerebralis are characterized by the presence of a deep ridge running
parallel to the sutural border. Our experience
with scanningelectron microscopeobservations
of myxosporideanspores is limited, but we did
not observe such a deep furrow in spores of
several other species. The furrow circumvents
the thickened part of the sutural border of the
anteriorend of the spore. The sutural border
of the valve bears at that spot an opening which
is presumably the mouth of the discharging
canal of the polar filament (Figs. 6, 7). The
openings seen in Figure 7 are obviously an
anomaly, or one opening split into two; in
Myxosoma and Myxobolus, each of the two
valves bears the opening for the filament of one
of the polar capsules (Lom, 1964). Here again,
an open, gaping dischargingcanal in the shell
valve border is different from the spores of
other myxosporideanspecies observed thus far.
The shell valves of the spore are shrunk a
little in most of the spores, more posteriorly
than anteriorly,where the rigid polar capsules
give support to the spore wall. The degree of
shrinkagein individual spores varies, but as a
rule the majorityof all observed spores always
reveals some degree of shrinkage.
Posteriorly,the surface of the spore is covered by an irregular network of intertwined
strands, which represent constituents of the
mucous envelope. Some of the thin mucous
strandsare also seen to cross the circumsutural
furrow (Figs. 6, 7). In some of the spores,
the shell valves are clearly asymmetrical (Fig.
5).

b) Myxosoma cartilaginis (Hoffman, Putz,
and Dunbar, 1965). In frontal view (Fig. 8)
the spore is oval, of a very regular shape and
a quite uniform size-11.25 (10.7 to 11.7) by
9.5 (9 to 10) ,u. The variationis thus less than
in M. cerebralis. The present measurements
are only slightly larger than those given in the
originaldescriptionby Hoffman et al. (1965).
There are six to nine, usually eight, rather indistinct suturalmarkingsat the posteriorborder
of the spore. Anteriorly,there is a triangular
thickening of the spore wall border. In side
view, the spore is broadly lenticular. The two
always equal polar capsules converge less than
in M. cerebralis,forming a smaller angle, and
their pointed anterior ends never overlap in
front view. The size of the capsules averages
5.75 by 3.5 i, varying very little. There are
usually seven coils of polar filament in the capsule, the threads being tightly but not very
neatly arranged.
There is no mucous envelope around the
spore, and no iodinophilousvacuole in the binucleate sporoplasmfilling the rest of the space
within the spore.
In the scanning electron microscope, the
spores reveal a smooth surface without any
trace of mucous strands,and there is no furrow
parallelto the suturalline of the spore (Figs. 9,
10). In most cases, the surface of the spore is
rather shrunken into furrows and ridges, and
only a small number of spores seems to have
resisted shrinkage.
CONCLUSIONS

We intentionally refrained from presenting
drawn pictures of spores, which, though being
easier to reproducethan photographs,represent
a certain risk of schematization,do not accurately illustrate how the spores look in the
microscope, and are less suitable for demonstrationof variability. Our material clearly indicates the differences between the two species and we hope the same scrutiny will be
done with other Myxosoma species. In the
case of M. cerebralis,these initial observations,
performed on material from typical cases of
whirling disease, should be followed by a study
of variation and distinctions of various strains
from different hosts and areas of distribution.
Combined with a computerized, statistical
evaluation of quantitativedata, it should yield
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2-4. Fresh spores of M. cerebralis in India ink to show the mucous envelope unpenetrated
FIGURES
by the suspended India ink particles. The mucous coat is especially thick on the posterior half of the
spore. These spores were recovered from a rapid digestion sample. X 3,000.
FIGURES5-7. M. cerebralis spores as seen in the scanning electron microscope. 5. The spore wall reveals almost no shrinkage; one of the shell valves is more vaulted than the other. The furrow along the
sutural line is quite distinct. X 9,500. 6. The spore in an upper anterior view. Notice the characteristic
furrow parallel to the sutural line, the fine mucous strands concentrated on the posterior half of the
spore, and the seemingly open canal for filament discharge in the thick sutural border of the shell valve
at the left. X 11,000. 7. Same as in Figure 6; the opening of the canal for filament discharge seems to
be split into two.
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FIGURE
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8. Fresh spores of M. cartilaginisfrom the bluegill. Note uniform appearance of this group

of spores selected at random. X 2,800; the line indicates 10 u.

FIGURES 9, 10. M. cartilaginisspores seen in scanning electron microscope. 9. With smooth shell. 10.
With the usual, somewhat shrunken appearanceof the shell. In both cases, note absence of furrow along
sutural line as well as lack of mucous strands on the surface.

a solid base for species and strain distinctiveness in Myxosomaand Myxobolus.
We would like to avoid giving the impression
of mistakinga single developmentalstage, the
spore, for the whole organismwith all its developmental changes and stages. The importance of the spore shape and structureis due to
a well-known lack of really distinct characters
of the trophozoite, both on the light microscope and on the electron microscope level.
Although the spores of both species here

reported were not treated in exactly the same

manner,we feel that the differences cited will
prove to be valid. The study of M. cerebralis
spores is not possible without using a concentrating technique. There is no indication that
the mucous envelope of M. cerebralis is produced during pepsin digestion because we saw
it previously on spores not so treated. The
mucous envelope has also been observed on
other Myxosporidea not treated with pepsin
solution (Lom and Vavra, 1963). The spore
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wall of M. cerebralis is so tough that it is dif,R. E. PUTZ, AND C. E. DUNBAR. 1965.
Studies on Myxosoma cartilaginis n. sp. (Proficult to believe that pepsin solution would
tozoa: Myxosporidea) of centrarchidfish and
produce the spectacular furrow.
a synopsis of the Myxosoma of North AmeriIn addition to light microscopy to observe
can freshwater fishes. J. Prot. 12: 319-332.
the shape and inner structure of the spore, we
KUDO, R. 1920. Studies on Myxosporidia. III.
Biol. Monographs5, 265 p.
used scanning electron microscopy to bring out
1921. On the effect of some fixatives
the surface patterns. Thus far, no data exist
upon myxosporidian spores. Tr. Am. Micr.
on this subject in Myxosporidea, but the ultraSoc. 40: 161-167.
fine outer sculpturing and surface patterns re- LOM,J. 1964. Notes on the extrusion and some
other features of myxosporidianspores. Acta
vealed by this technique may be of great interProtozool.2: 321-327.
est for taxonomy. Sutural markings, ridges, and
1969. On a new taxonomic characterin
folds can sometimes be seen on fresh spores of
Myxosporidia, as demonstrated in description
of two new species of Myxobolus. Folia ParaMyxosoma and Myxobolus; it is probable that
sit. (Praha) 16: 97-103.
this was accentuated by our preparation meth, AND J. VAVRA. 1963. Mucous envelopes
ods, resulting in shrinkage of the spore wall
of spores of the subphylum Cnidospora (Dof(Figs. 6, 7, 10). In fresh spores, such folds
lein, 1901). Vestn. Cs. Zool. Spol. 27: 4-6.
may be made more distinct by vital staining MARSZALEK,D. S., AND E. B. SMALL. 1969.
and, in fact, they do not represent artifacts.
Preparation of soft biological specimens for
scanning electron microscopy. Scanning ElecThe smooth-shelled spores (Figs. 5, 9) seem
tron Microscopy 1969 Proceedings 2nd An.
on the other hand always to represent a small
Scanning Electron Microscope Symposium,
part of the sample, and appear sometimes even
IIT Res. Inst., Chicago, Ill., USA.
more swollen than natural; the possibility is PLERN, MARIANNA. 1904. Uber die Drehkrankheit der Salmoniden (Lentospora cerebralis/
not excluded that they are rather immature
Hofer/Plehn). Arch. f. Protistenk. 5: 145spores.
166.
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